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ABSTRACT
Symmetrical k– and 5 ports were matched over an octave by applying a matching technique, based on

duality. Internal ~tching was introduced instead of external ; so matching inside the structure for

optimizing the ratio of radial currents to tangential ones.

Introduction

Already many decades ago it has been provedl

that a complete symmetrical, passive, lossless

and reciprocal 5 port (star) had specific proper-

ties if matched : equal power split among the four

arms but, in addition, a 120° phase relation between

adjacent arms nearest the excited arm.

It was RibLetz who recognized that this

matched version could be a very usefull component
for a 6 port network analyser. He succeeded in

matching over almost an octave by using impedance

transformers at the outside of his 5 port.
It will be shown now that instead of this

external matching, we used internal matching,

meaning matching inside the structure. This way

an octave-wide match could easily be obtained and

applied also to a =lete symmetrical 4 port (a
CrOSS) ; even to an almost comnlete one : the wel:L-

known 90° hybrid rin~.

A complete symmetrical 4 port becomes a dege..

nerate directional coupler when matched. However,

when the structure has lost its rotation symmetry

-but still has 2 symmetry planes left over- a go”

directional coupler is obtained e.g. a branchlike

coupler.

Riblet3 has shown, that the coupling becomes

frequency ~dependent if the hybrid is matched.

With his external matching he achieved very flat

coupling, however, over a limited bandwidth. We

obtained nearly the double bandwidth by applying

internal matching, while the coupling was still

flat within a few tenths of a dB. All experiments

have been performed in microstrip on 1,5 mm thick

substrate of ~% 4.

The s ymmetrical 5 port

In the disc -used by Riblet- radial -as well

as tangential currents occur in such a relation

that the boundary conditions are fulfilled,, This

does not automatically mean a ;at~hed condition.

In view of wideband matching It Is wise to start

with a configuration, having already the lowest

reflection. This seems to be the ring structure

(Fig. la).

If POrt 1 is excited, we can simplify the

structure by merely considering its haIf (Fig. lb).

If we choose the impedance Z of the ring equal to

z
o’

then : S .0andP2=~ foru

pending to X1~~) if we neglec I th.1/8° ~~~r~~;b-

At about 200 the power P as well as p2

becomes zero, due to the ~/4 o~en stub, however,

P2 = frequency dependent because port 2 is h/2

further apart. This means that fOr frequencies

between U and 2 @ P3 decreases less selective

than P2. 18 order to”be matched, P must at lea~*

be equal to Pa. Therefore we made ~ bypass i~plg.

length 2 1 and characteristic impedance Z -

$%+). ~his %np~aan~= must be chosen rather fiigh

(Zc= 2 to 3 Z ) because it is a mere correction

of power split?ing and matching. This means that

the coupling at both ends of 2 1 -e.g. at port 1

and 3- will be rather weak, so 2C1 will become

resonant with WC>W
c
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Automatically now we have a compensation of

the reflection, caused by the &/8 open stub. In

order to prevent spurious resonances and to keep
the configuration completely symmetrical, we must
also add a path between C and port 2. As Z= and
Zc are parallel, we must reduce w in order to

keep the total impedance about th~ same.

Finally we arrive at Fig. ~b- For our frequen-
cy band, ~mi to @ , where @ is > 2 @rein,

the matching ~as bee!!a~etermined ~~?nly by iQ

so 1 and Z at@. and bY ip , so 1 and Z
mxn

at & . A~ound w . the open >/8 s!?ub canc~e

tnegle~ &d (Fig. lb)~l~o we have a quarter-wave im-

pedance transformer to be matched, whereas at

(+J the influence of this stub is increasing.
max

Realization

‘----~-~-~;rt has been realized for the frequency

band 4-8 GHz. The reflection at each port was
smaller than 0,1. The power unbalance was not grea-
ter than Z 0,5 dB. The dimensions are given in

fig. 2b.

The complete sym metrical 4 port

A matched -passive, lossless and reciprOcal-

k port is a directional coupler. It can be shown

that this directional coupler degenerates in a
peculiar cross -i.e. without any coupling to the

side arms- if it is completely symmetrical. Well-

known examples are : the resonant cross and -ring,

having only in-line coupling. However, these are

only narrow band solutions. How can this be rea-

lized broadband ?

A resonant ring can be broadband matched with

a dual resonator, formed by a dOuble impedance

Step (Fig. Sa).

This double step has no reflection at f ;

max. reflection at k f. and 1 k f . Almost o?er
this range (1 : ~3) it can be mate ed by coupling

capacitively with a resonant ring (Fig. 3b).
In order to be symmetrical, we must add a

branchlike, so we arrive at fi9. ka. NOW automa-
tically, the side arms of the cross form short-

circuited ~/!k stubs. These give some small reflec-
tion, which can be compensated by the ring as well.
However, these A/4 stubs restrict the bandwidth

to somewhat more than an octave.
In order to obtain optimum match, the length

of the ring had to be reduced with respect to 1s’
which was increased with ten percent, resulting

in the square ‘rring!! (Fig. 4b).

Realization
‘----~~~~-; capacitively coupled square ring we

obtained : r<o,l; I >, 20 dB for 4 - 8 GHz.

For the dimensions, see Fig. kb. For microstrip,

we need galvanic coupling, reducing the bandwidth
to almost 25 percent (545 - 7 GHz).

The crossed-branchlike coupler
The complete symmetrical 4 port is just a

special case of the branchlike coupler.
We only have to make its arms -pair DY pair-

of higher (Z ) and lower (2s) impedances (Fig. 5 )

than before,pin order to stay matched. Even with
the right ratio Z /Z for 3 dB, it does not auto-

~smatically mean fr quency independent powersplit as
with external matching3. Its behaviour depends

also on the amount of coupling with the cross and

its resonance frequency fc, determined by its
length 2 1 . Empirically we found fc % 1,1 fmax a

reas~nablecsolution.
As we still have two planes of symmetry, the

90° phase relation b~tw=n output signals (2 and 3)
still holds as long as the 4 port is matched.

u
Fig. 2b : matched 5 port

w . 3, v~ . 2, Wc . 0.5 mm

Fig. 3a : double step
1= 18 mm = ~\2 at f. . 5.2 GHz

s

Fig. 3b : matched combination

c1
Fig. La : matched ring-cross

Fig. kb : matched square ‘rringll, coupled :

cap. W . 2.5 mm, 10 pm Mylar
s

galv. .2 ,~l==~6mm
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Realization-----------
Although a planar 3 dB crossed coupler could

be realized for an octave, its performance was

moderate. Therefore, we concentrated on a cuupler

having a flatness within a few tenth of ~ d~ ; an

isolation over 20 dB and a reflection not e]ccee-
ding ten percent. We succeeded in realizing one

with almost Z5 percent bandwidth (Fig. 5).

Conclusion

Our general matching principle based on dual-

ity was developed long ages. For the first time

it has been applied to a complete symmetrical k-

and .5 port as well as to a less symmetrical 4 port !!
the branchlike coupler with 2 branches.

The duality relates to the fact, that in the

structures radial currents i refer to a series
behaviour, while tangential %rrents i(f to a
parallel one.

Internal matching may change both currents,

whereas external matching only attacks the radial

currents. Both can even be applied, because inter-
nal matching is most effective at the higher fre-

quencies, external matching at the lower onss,

resulting in a wider band and a greater length4.
If the rings are capacitively coupled instead

of galvanically, almost the double bandwidth can
be achieved. This might be interesting for strip-
line or non-planar microstrip applications.
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Fig. 5 : crossed-branchlike coupler

w =3, Ws = 2, 1? =Imm

lPN lSN A/3L 12 mm

21C= 1.2 diag.~~~ ~ 16mm

fos 5 GHz
~~ 0.3 1,
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